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By R. S. Stauffer 
PERMANENT SOD CROPS 
maintain good soil tilth 
CORN AND SOYBEANS 
grown continuously destroy it 
LEGUMES AND GRASSES 
help to preserve it 
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DO E S  Y O U R  S O I L  D R Y  O U T  m o r e  s l o w l y  a f t e r  a  h e a v y  r a i n  
t h a n  i t  u s e d  t o ?  D o e s  i t  s t a y  t o o  w e t  t o  w o r k  s e v e r a l  d a y s  l o n g e r  
t h a n  i t  s h o u l d ?  I s  i t  m o r e  d i f f i c u l t  t o  p r e p a r e  a  g o o d  s e e d b e d  t h a n  i t  
w a s  s o m e  y e a r s  a g o ?  A n y  o f  t h e s e  c o n d i t i o n s  i s  a  w a r n i n g  t h a t  t h e  
p h y s i c a l  c o n d i t i o n  o f  y o u r  s o i l  - t h e  s o i l  t i l t h  - i s  b e i n g  d e s t r o y e d .  
W e  a r e  c o n c e r n e d  h e r e  c h i e f l y  w i t h  t h e  w a y  s o m e  o f  o u r  b e s t  s o i l s  
a r e  d e t e r i o r a t i n g .  T h e s e  a r e  t h e  d a r k - c o l o r e d ,  f i n e - t e x t u r e d  s o i l s  o f  t h e  
I l l i n o i s  c o r n  b e l t .  T h e  t i l t h  o f  t h e s e  s o i l s  h a s  u s u a l l y  b e c o m e  p o o r e r  
u n d e r  c u l t i v a t i o n .  I t  i s  i m p r a c t i c a l  t o  t r y  t o  m a i n t a i n  t h e  n e a r l y  i d e a l  
t i l t h  o f  t h e  s o i l  a s  i t  w a s  u n d e r  n a t i v e  g r a s s e s ,  b u t  i t  s h o u l d  n o t  b e  
a l l o w e d  t o  d e t e r i o r a t e  u n t i l  i t  c a u s e s  a  r e d u c t i o n  i n  c r o p  y i e l d s .  
W H A T  I S  G O O D  S O I L  L I K E ?  
G o o d  s o i l  p r o v i d e s  e n o u g h  w a t e r  a n d  a i r  a n d  t h e  r i g h t  t e m p e r a ­
t u r e  f o r  p l a n t  g r o w t h .  I t  i s  n e i t h e r  t o o  s w e e t  n o r  t o o  s o u r .  I t  p r o v i d e s  
p l a n t s  w i t h  t h e  n u t r i e n t s  t h e y  n e e d  f o r  g o o d  g r o w t h .  T h e  s o i l ' s  a b i l i t y  
t o  p r o v i d e  e n o u g h  w a t e r  a n d  a i r  t o  t h e  p l a n t s  d e p e n d s  o n  i t s  p h y s i c a l  
c o n d i t i o n .  
I t  s h o u l d  a b s o r b  w a t e r  r e a d i l y  a n d  h o l d  i t  i n  l a r g e  q u a n t i t i e s .  
S o i l  i n  g o o d  t i l t h  a c t s  l i k e  a  s p o n g e ,  l e t t i n g  w a t e r  e n t e r  a n d  h o l d i n g  i t  
o v e r  l o n g  p e r i o d s  o f  t i m e .  A  1 0 0 - b u s h e l  c o r n  c r o p  i n  I l l i n o i s  m a y  u s e  
a s  m u c h  a s  2 , 0 0 0  t o n s  o f  w a t e r  a n  a c r e  - e q u i v a l e n t  t o  1 8  i n c h e s  o f  
r a i n f a l l .  I f  t h e  c r o p  i s  n o t  t o  s u f f e r ,  t h e  s o i l  m u s t  b e  a b l e  t o  s t o r e  l a r g e  
q u a n t i t i e s  o f  w a t e r  f o r  p l a n t  u s e  b e t w e e n  r a i n s .  
I t  s h o u l d  d r a i n  q u i c k l y .  T h i s  i s  i m p o r t a n t  t o  r o o t  d e v e l o p m e n t .  
H e a l t h y ,  v i g o r o u s  p l a n t s  n e e d  d e e p ,  s t r o n g  r o o t  s y s t e m s .  I f  f r e e  w a t e r  
r e m a i n s  t o o  n e a r  t h e  s o i l  s u r f a c e  f o r  t o o  l o n g  a  t i m e  i n  t h e  s p r i n g  
a f t e r  a  c r o p  i s  p l a n t e d ,  a s  o f t e n  h a p p e n s  o n  p o o r l y  d r a i n e d  s o i l ,  t h e  
p l a n t s  d e v e l o p  s h a l l o w ,  w e a k  r o o t  s y s t e m s ,  b e c a u s e  p l a n t  r o o t s  w i l l  n o t  
p e n e t r a t e  w a t e r l o g g e d  s o i l .  T h e n  l a t e r  i n  t h e  s e a s o n  w h e n  t h e  s o i l  d r i e s  
o u t  t o  a  d e p t h  o f  s e v e r a l  f e e t ,  t h e s e  s h a l l o w  r o o t s  c a n n o t  r e a c h  d o w n  
t o  t h e  m o i s t u r e  i n  t h e  s o i l ,  w i t h  a  r e s u l t i n g  r e d u c t i o n  i n  c r o p  y i e l d s .  
I f  t h e  s o i l  i s  i n  g o o d  t i l t h ,  e x c e s s  w a t e r  t h a t  f i l l s  l a r g e  s o i l  p o r e s  d u r i n g  
h e a v y  r a i n s  d r a i n s  a w a y  q u i c k l y .  






the air; desirable soil organisms need it to thrive. Without an ade­
quate supply of oxygen, the organic matter in the soil cannot be 
broken down to provide nutrients for plant growth. Some plant 
nutrients, such as nitrogen, phosphorus, and sulfur, must be in the 
highest oxidized form before most plants can use them. Since 95 
percent or more of the nitrogen in most soils is in the organic matter, 
it is very important that enough air to decompose the organic matter 
can get into the soil. 
Where soil is poorly drained and poorly ventilated, the organic 
matter has little chance to decay, and plants soon show the effects of 
a lack of usable nitrogen. On these soils, money spent for commercial 
fertilizers is largely wasted, because fertilizers alone cannot make the 
soil open and porous. 
It must be well aggregated. These corn-belt soils contain many 
tiny flat or plate-shaped particles, which are often so small that they 
cannot be seen under an ordinary microscope. When the soil is in 
good physical condition, these particles are aggregated) or organized 
in clusters about 1/250th of an inch or more in diameter. Air and 
water can move freely between them, providing the soil with the 
oxygen and moisture it needs for plant growth. 
Such well-aggregated soil works well, absorbs water rapidly and 
holds large quantities of it; excess water can drain through it quickly. 
In other words, the soil has good tilth. But if the clusters are broken 
down, the tiny soil particles clog up the open spaces, and enough air 
and water cannot penetrate the soil. 
W HAT HAS HAPPENED TO THE SOIL TILTH? 
The soils we are concerned with in this circular are those that 
have no natural handicaps. Their subsoils drain well and they are on 
level to gently sloping land so that with some care erosion can be 
controlled. 
When first put under cultivation, they were well supplied with 
organic matter and with food for growing crops. They could hold a 
lot of water, and excess water drained away quickly after tile drains 
had been installed to provide an outlet. Their tilth, or physical struc­
ture, was nearly ideal. 
Not all of these soils are in bad condition now, but on many 
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f a r m s  t h e  d e s i r a b l e  t i l t h  o f  t h e  o r i g i n a l  s o i l s  h a s  b e e n  l a r g e l y  d e s t r o y e d .  
T h e  c r u m b s  o f  s o i l  p a r t i c l e s  h a v e  b e e n  b r o k e n  a p a r t  a n d  t h e  t i n y  
p a r t i c l e s  n o w  f i t  s o  c l o s e l y  t o g e t h e r  t h a t  e n o u g h  a i r  f o r  g o o d  p l a n t  
g r o w t h  c a n n o t  g e t  i n t o  t h e  s o i l .  W a t e r  e n t e r s  t h e  s o i l  s l o w l y ,  a n d  i t  
c a n n o t  d r a i n  a w a y  f a s t  e n o u g h  a f t e r  h e a v y  r a i n s  o r  a  l o n g  w e t  s p e l l .  
T h i s  i s  h a p p e n i n g  b e c a u s e  o f  o v e r - a l l  p o o r  s o i l  m a n a g e m e n t .  S o m e  
o f  t h e  r e a s o n s  w h y  t h e  t i l t h  i s  b e i n g  d e s t r o y e d  a r e  e x p l a i n e d  h e r e  i n  
m o r e  d e t a i l .  
T h e  s o i l  h a s  b e e n  w o r k e d  m o r e  t h a n  n e c e s s a r y .  W o r k i n g  a  s o i l  
b r e a k s  d o w n  t h e  c r u m b s  o r  c l u s t e r s  o f  s o i l  p a r t i c l e s .  C r o p s  l i k e  c o r n  
a n d  s o y b e a n s  n e e d  c u l t i v a t i o n  d u r i n g  t h e  g r o w i n g  s e a s o n ,  a s  w e l l  a s  
p r e p a r a t i o n  o f  a  s e e d b e d  e v e r y  y e a r .  T h i s  r e p e a t e d  w o r k i n g  o f  t h e  
s o i l  g r a d u a l l y  d e s t r o y s  i t s  t i l t h .  
M a n y  f a r m e r s  w o r k  t h e  s o i l  t o o  f i n e  w h e n  t h e y  p r e p a r e  s e e d b e d s ,  
d e s t r o y i n g  t h e  s o i l  s t r u c t u r e  a n d  l e a v i n g  a  d u s t  l a y e r  o n  t h e  s u r f a c e .  
W h e n  i t  i s  s o a k e d  u p  b y  r a i n ,  t h i s  d u s t  l a y e r  f o r m s  a  d e n s e ,  c o m p a c t  
m a s s  t h a t  w i l l  n o t  a b s o r b  a i r  o r  w a t e r  r e a d i l y .  
M u c h  d a m a g e  i s  d o n e  w h e n  t h e  s o i l s  a r e  t o o  w e t .  T h e  d a m a g e  
d o n e  i n  a  s i n g l e  o p e r a t i o n  l i k e  p l o w i n g  o n  s o i l  t h a t  i s  t o o  w e t ,  m a y  
m a k e  i t  d i f f i c u l t  t o  p r e p a r e  a  s e e d b e d  f o r  s e v e r a l  y e a r s .  T h e  s o i l  
c r u m b s  a r e  b r o k e n  d o w n ,  a n d  w h e n  t h e  s o i l  d r i e s  o u t ,  t h e  p a r t i c l e s  
a r e  p a c k e d  t o g e t h e r  i n t o  t i g h t ,  h a r d  c l o d s .  W h e n  t h i s  h a p p e n s ,  . w a t e r  
c a n  n o  l o n g e r  m o v e  i n t o  a n d  t h r o u g h  t h e  s o i l .  
T r a m p i n g  b y  l i v e s t o c k  i s  a l s o  b a d ,  p a r t i c u l a r l y  o n  s t a l k  a n d  
s t u b b l e  g r o u n d .  A  c o w  m a y  s i n k  8  i n c h e s  o r  m o r e  i n t o  w e t  s o i l ,  l e a v ­
i n g  a t  t h e  b o t t o m  o f  e a c h  t r a c k  a  c o m p r e s s e d  b a l l  o f  m u d  t h a t  d r i e s  
i n t o  a  h a r d  c l o d .  T h i s  i s  h a r d  o n  t h e  c o w  a s  w e l l  a s  o n  t h e  s o i l .  
H e a v y  m a c h i n e s  l i k e  t r a c t o r s ,  c o m b i n e s ,  a n d  c o r n  p i c k e r s  s q u e e z e  
t h e  l i f e  o u t  o f  w e t  s o i l s .  A l t h o u g h  i t  i s  a  t e m p t a t i o n  t o  g e t  i n t o  t h e  
f i e l d s  i n  t h e  s p r i n g  b e f o r e  t h e  s o i l  i s  r e a l l y  d r y  e n o u g h  t o  w o r k ,  t h e  
d a m a g e  t h a t  c a n  b e  d o n e  b y  h e a v y  m a c h i n e r y  o n  w e t  s o i l  s h o u l d  b e  
a v o i d e d  i n  s o  f a r  a s  p o s s i b l e .  
O u r  s o i l s  h a v e  b e e n  l e f t  w i t h o u t  a  p r o t e c t i v e  c o v e r  t o o  m u c h  o f  
t h e  t i m e .  I n  a d d i t i o n  t o  b e i n g  b a r e  e v e r y  y e a r  w h i l e  t h e  s e e d b e d  i s  
b e i n g  p r e p a r e d  a n d  w h i l e  t h e  y o u n g  c r o p  i s  m a k i n g  i t s  e a r l y  g r o w t h ,  
c o r n ,  s m a l l - g r a i n ,  a n d  s o y b e a n  l a n d  i s  o f t e n  u n p r o t e c t e d  d u r i n g  t h e  




the next spring, which means the soil is subject to loss of plant 
nutrients by leaching and loss of soil by erosion. 
The soils also suffer much damage from the force of falling rain­
drops. The pounding breaks down the soil crumbs, splashing fine clay 
and silt particles and even the coarser particles of sand a foot or more 
into the air. 
On sloping land the particles are washed away, and even on level 
land, they may be moved several feet. These particles fill the soil pores 
near the surface, forming a seal that prevents water and air from 
passing into the soil. With each succeeding storm, the crumbs are 
further broken down and the seal is made tighter. 
Supply of active organic matter has not been maintained. O r­
ganic ~atter is the life of the soil. In Illinois climate it is always asso­
ciated with good soil tilth. The soils with which we are concerned in 
this circular have a relatively high content of organic matter. How­
ever, unless fresh organic matter is added regularly, that which is in 
the soil becomes relatively inactive. It decays slowly and does not re­
lease plant nutrients, especially nitrogen, as fast as needed. It is not as 
effective a soil conditioner as organic matter that is undergoing 
active decay. 
Corn and soybeans have been grown too much of the time. 
Where corn and soybeans have occupied the land year after year, 
soil tilth has deteriorated. The soils have maintained better physical 
condition where crop rotations including grasses and legumes have 
been followed. It appears that the corn-belt soil will have better tilth 
if a sod crop is included in the rotation. 
Whether or not desirable soil tilth can be maintained on land 
growing corn and beans every year remains to be seen. Certainly it 
cannot be done unless the usual soil-management practices are dras­
tically improved. 
WHAT CAN BE DONE TO MAINTAIN SOIL TILTH? 
Do not work the soil more than necessary. Recent investigations 
indicate that under some conditions corn yields are not reduced by 
cutting down on the amount of tillage. This may be true on your 
farm. Legumes and grasses in the crop rotation give the soil a rest 
from being worked and help its physical condition. They are more 
effective if left as a "standover" crop than if used as a catch crop. 
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K e e p  o f f  w e t  s o i l s  a s  m u c h  a s  p o s s i b l e .  M a n y  w h o  h a v e  h a d  a  
h a r d  t i m e  p r e p a r i n g  a  g o o d  s e e d b e d  h a v e  r e a l i z e d  h o w  m u c h  d a m a g e  
h a s  b e e n  d o n e  i n  t h e  p a s t  b y  w o r k i n g  t h e  s o i l  t o o  w e t ,  y e t  s o m e  w i l l  
d o  i t  a g a i n .  I f  y o u  c a n  k e e p  h e a v y  m a c h i n e r y  a n d  l i v e s t o c k  o f f  w e t  
s o i l s ,  a n d  k e e p  f r o m  w o r k i n g  t h e  s o i l s  b e f o r e  t h e y  a r e  d r y  e n o u g h ,  y o u  
w i l l  b e  a b l e  t o  p r e v e n t  m u c h  d a m a g e .  
K e e p  t h e  s o i l  c o v e r e d  a s  m u c h  o f  t h e  t i m e  a s  p o s s i b l e .  B a r e  s o i l s  
s u f f e r  f r o m  e r o s i o n  a n d  f a l l i n g  r a i n d r o p s .  T h e  b e s t  c o v e r  i s  a  s o d  
c r o p ,  b u t  a  m u l c h  o f  c r o p  r e s i d u e s  g i v e s  a  l o t  o f  p r o t e c t i o n .  C o r n ­
s t a l k s  b r o k e n  d o w n  f l a t  t o  t h e  g r o u n d  a c r o s s  t h e  s l o p e  f u r n i s h  m o r e  
p r o t e c t i o n  t h a n  i f  t h e y  a r e  l e f t  s t a n d i n g ;  i t  i s  e v e n  b e t t e r  t o  s h r e d  t h e  
s t a l k s  a n d  d i s t r i b u t e  t h e m  e v e n l y  o v e r  t h e  g r o u n d .  S o y b e a n  s t r a w  w i l l  
g i v e  s o m e  p r o t e c t i o n ,  a l t h o u g h  l e s s  t h a n  c o r n s t a l k s ,  i f  i t  i s  d i s t r i b u t e d  
e v e n l y  o v e r  t h e  l a n d .  D u m p i n g  i t  o u t  o f  t h e  c o m b i n e  i n  p i l e s  o r  
w i n d r o w s  l e a v e s  t o o  m u c h  o f  t h e  s o i l  w i t h o u t  c o v e r .  
K e e p  a d d i n g  o r g a n i c  m , a t t e r .  U t i l i z e  a l l  c r o p  r e s i d u e s  i n s t e a d  o f  
b u r n i n g  t h e m .  T a k e  c a r e  o f  a n i m a l  m a n u r e  o n  f a r m s  w h e r e  i t  i s  p r o ­
d u c e d  s o  t h a t  a s  m u c h  o f  i t s  v a l u e  a s  p o s s i b l e  i s  r e t a i n e d  a n d  r e t u r n e d  
t o  t h e  l a n d .  A n d  u s e  l e g u m e s  a n d  g r a s s e s  - t h e y  a r e  t h e  b e s t  s o u r c e  
o f  s o i l  o r g a n i c  m a t t e r .  
D o  n o t  g r o w  c o r n  a n d  s o y b e a n s  a l l  t h e  t i m e .  W h e r e  t h i s  h a s  b e e n  
d o n e ,  t h e  s o i l  h a s  b e e n  w o r k e d  m o r e  t h a n  i t  s h o u l d  b e ,  a n d  s o i l  t i l t h  
h a s  d e t e r i o r a t e d ,  e v e n  i n  o u r  b e s t  s o i l s .  T h e  s o i l  t i l t h  i s  b e t t e r  w h e r e  
r o t a t i o n s  h a v e  b e e n  f o l l o w e d  t h a t  i n c l u d e  g r a s s e s  a n d  d e e p - r o o t e d  
l e g u m e s .  
O n  t h e  A g r o n o m y  S o u t h  F a r m  a  s t u d y  o f  1 3  d i f f e r e n t  r o t a t i o n s  
w a s  s t a r t e d  i n  1 9 3 7  o n  a  b l a c k  s i l t y  c l a y  l o a m  o n  s l i g h t l y  s l o p i n g  l a n d .  
W h e n  s o i l  s a m p l e s  t a k e n  i n  1 9 5 2  w e r e  s t u d i e d ,  t h e y  s h o w e d  t h a t  i n  
e a c h  s e t  o f  r o t a t i o n s  c o r n  y i e l d s  a n d  a g g r e g a t e  s t a b i l i t y  w e r e  h i g h e r  
w h e n  c l o v e r  w a s  i n c l u d e d  i n  t h e  r o t a t i o n .  " S t a n d o v e r "  c l o v e r  w a s  
m o r e  e f f e c t i v e  t h a n  a  c l o v e r  c a t c h  c r o p .  
L i m e  a n d  f e r t i l i z e r s  a r e  n e e d e d .  T h e  s o i l s  i n  w h i c h  w e  a r e  m a i n l y  
i n t e r e s t e d  h e r e  a r e  t h e  h e a v y ,  d a r k - c o l o r e d ,  n e a r l y  l e v e l  s o i l s .  T h e s e  
w e r e  v e r y  p r o d u c t i v e  w h e n  f i r s t  p u t  u n d e r  c u l t i v a t i o n  a n d  p l a n t  n u t r i ­
e n t s  w e r e  n o t  n e e d e d .  B u t  s i n c e  t h a t  t i m e ,  t h e  a v a i l a b l e  n u t r i e n t s  i n  
t h e  s o i l  h a v e  b e e n  l a r g e l y  u s e d  u p ,  a n d  f e r t i l i z e r s  a n d  l i m e  a r e  n o w  
n e e d e d  t o  m a i n t a i n  p r o d u c t i v i t y .  
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Adopt a cropping system that will help maintain good crop yields . 
If your soil has poor tilth, you had better include grasses and clover in 
your rotation. If it is in good tilth, you may be able to grow row 
crops for some time, but watch the soil tilth; you may need to change. 
Just how effective cropping systems can be in determining yields 
and improving soil tilth is shown by the following results from the 
Ohio Agricultural Experiment Station. Remember that the higher the 
degree of aggregation, the higher the percentage of soil particles that 
cling together in crumbs or granules. In other words, the higher the 
degree of aggregation the better the soil tilth. 
Degree 
of aggregation Corn yield 
Cropping System of the soil per acre 
perct. bu. 
Corn, oats, 2 years of alfalfa-bromegrass . . . . . . . . .. 54.2 67.9 
Corn, oats, alfalfa . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 53.0 58.8 
Corn, oats, sweet-clover catch crop. . . . . . . . . . . . . .. 45.2 46.9 
Corn, oats, (residues returned ) . . . . . . . . . . . . . . . . .. 40.1 39.2 
Corn (residues returned ) . . . . . . . . . . . . . . . . . . . . . . .. 23.4 22.5 
These are the results of a ten-year experiment. The soil is a heavy 
dark-colored clay on nearly level land. No fertilizers were used. In 
another experiment on the same kind of soil, fertilizers gave little or 
no increase in yields. The main problem has not been one of plant 
nutrients but one of keeping the soil open and porous so water can 
get through to the tile drains. Close spacing of the tile drains did not 
solve the problem. Growing grasses and deep-rooted legumes did the 
job. 
Watch your soil tilth. Changes in soil tilth are easily recognized. 
If your soil is harder to work than it used to be, and if it does not 
take water as well, the tilth is going bad. If it stays too wet to work 
for a week or ten days longer in spring than similar soil nearby, the 
tilth is becoming poorer. Do not let it go too far. If poorer tilth is 
cutting down your yields, start a good soils program. If you have a 
potentially good soil, you can make it produce accordingly by follow­
ing the recommendations in this circular. Grasses and deep-rooted 
legumes will help you to maintain soil tilth. 
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G o o d  s o i l  t i l t h  i s  r e a l l y  a  b y p r o d u c t  o f  g o o d  s o i l  
m a n a g e m e n t .  I f  y o u  w a n t  t o  k e e p  y o u r  s o i l  i n  
g o o d  p h y s i c a l  c o n d i t i o n ,  y o u  n e e d  a n  e f f e c t i v e  
s o i l s  p r o g r a m  b a s e d  l a r g e l y  o n  g o o d  s o i l ­
c o n s e r v a t i o n .  A  s o i l - c o n s e r v a t i o n  p l a n  f o r  y o u r  
f a r m  w i l l  i n c l u d e :  
•  	 p r a c t i c e s  f o r  e r o s i o n  c o n t r o l  
•  	 d r a i n a g e  o f  w e t  l a n d  
•  	 l i m i n g  s o i l s  t h a t  a r e  t o o  s o u r  
•  	 m a i n t a i n i n g  a n  a d e q u a t e  s u p p l y  o f  
a v a i l a b l e  p l a n t  n u t r i e n t s  
•  	 a  s u i t a b l e  c r o p p i n g  s y s t e m  
T h i s  .  c i r c u l a r  i s  p a r t i c u l a r l y  c o n c e r n e d  w i t h  
p r a c t i c e s ,  s u c h  a s  p r o p e r  t i l l a g e ,  t h a t  a r e  e s ­
p e c i a l l y  d i r e c t e d  t o w a r d  p r e s e r v i n g  s o i l  t i l t h .  
T h i s  p u b l i c a t i o n  w a s  p r e p a r e d  b y  R .  S .  S T A U F F E R ,  A s s o c i a t e  P r o f e s s o r  
o f  S o i l  P h y s i c s ,  E m e r i t u s .  I t  s u p e r s e d e s  C i r c u l a r  6 5 5 .  
U r b a n a ,  I l l i n o i s  J a n u a r y ,  1 9 5 8  
C o o p e r a t i v e  E x t e n s i o n  W o r k  i n  A g r i c u l t u r e  a n d  H o m e  E c o n o m i c s :  U n i v e r s i t y  o f  I l l i ­
n o i s  a n d  t h e  U n i t e d  S t a t e s  D e p a r t m e n t  o f  A g r i c u l t u r e  c o o p e r a t i n g .  l O U I S  B .  
H O W A R D ,  D i r e c t o r .  A c t s  a p p r o v e d  b y  C o n g r e s s  M a y  8  a n d  J u n e  3 0 ,  1 9 1 4 .  
l O M - l  · S 8 - 6 4 2 S 4  
